High-pressure resistivity and x-ray diffraction measurements were conducted on La 0.85 MnO 3-δ to ~6 GPa and ~7 GPa, respectively. At low pressures the metal-insulator transition temperature (T MI ) increases linearly up to a critical pressure, P* ~ 3.4 GPa, followed by reduction of T MI at higher pressure. Analysis of the bond distances and bond angles reveal that a bandwidth increase drives the increase of T MI below P*. The reduction of T MI at higher pressures is found to result from Jahn-Teller distortions of the MnO 6 octahedra. The role of anharmonic interatomic potentials is discussed.
The RE 1-x A x MnO 3 (RE= rare earth and A = Ca, Sr, Ba) mixed valence (Mn 3+ (d 4 , )) perovskite system exhibits complex and intriguing properties and an understanding of the basic physics of these materials has still not been realized [1, 2] . This system is under detailed study both from a fundamental science and as well as application perspectives. It has been found that a strong coupling exists among the lattice, spin, and electronic degree of freedom that is manifested by complex phase diagrams. The properties of manganites depend strongly on subtle changes in the structure and chemistry of the system induced by changing the RE or A site ion size [3] . Separating the changes in structure from the changes in valence can be accomplished by using a series of RE cations of varying size at fixed RE/A ratio. However, precise control of the stable crystalline form produced by substitution is not typically possible. Modification of the structure by cation substitution may alter the system in unpredictable ways.
A controllable way to explore the effect of strain or pressure on these systems is to apply hydrostatic pressure and then to measure the transport and structural properties [4] . Not many high-pressure measurements have been conducted on manganites. Early temperature dependent studies of high magnetoresistance phase for pressures were conducted below 2 GPa and predicted a linear increase of the metal-insulator (MI) transition temperature with pressure [5, 6, 7] . More recent studies on the changes in the metal-insulator transition temperature (T MI ) at pressures up to 6
GPa reveal that an optimal pressure is reached beyond which the transition temperature decreases with pressure [8, 9, 10 ]. Meneghini's et al [11] conducted studies (up to 15 GPa) on the effects of high pressures on the transport properties of La 1-x Ca x MnO 3 (x=1/4), but the electrical transport data were presented only between ~190K and ~380K -limiting the access to the MI transition at high pressures.
The self-doped system La 0.85 MnO 3-δ shares similar transport, magnetic and structural characteristics with the chemically doped system La 1-x Ca x MnO 3 in the ferromagnetic phase [12] , such as the classic metal-insulator transition from a high-temperature paramagnetic insulating phase to a low-temperature ferromagnetic metallic phase, yet it is chemically simple. It achieves a high magnetization and has a low resistivity at low temperature. In order to understand the origin of the changes in the electronic structure of manganites at both high and low pressures and to compare this system with the classical ion doped systems, we conducted detailed high-pressure transport and structural studies.
A polycrystalline sample of La 0.85 MnO 3-δ was synthesized in air by the conventional solid-state reaction as in Ref. [12] with three calcinations cycles. The cation ratio La/Mn ~0.85 was determined by the Ionic Coupled Plasma method. High-pressure synchrotron x-ray powder diffraction measurements were conducted and Rietveld refinements were carried out to extract the detailed atomic structure following the approaches in Ref. [8] .
The magnetization at ambient-pressure at 4 K (0.5 Tesla) yielded a saturation value of 3.5μ B /Mn site (close to the theoretical limit of 3.56μ B /Mn) with a Curie temperature (244.0 ± 1.0K) near the metal-insulator transition temperature (248.0 ± 1.0K) as shown in Fig. 1(c) .
Figure 1(a) shows the electrical resistivity versus temperature for pressures ranging from ambient to 5.8 GPa. At ~3.4 GPa (P*, the critical pressure), T MI reaches its maximum value of ~280 K.
In Fig. 1(b [13] . In this Letter, we present the non-linear structural changes induced by pressure in the self-doped system, their relations to transport properties, and the physical basis for a saturation of physical properties at P* in the full class of manganites.
Below P*, the transition temperature T MI increases linearly with the pressures at the rate of Ref. [12] .
In Fig. 3 , we show the pressure dependence of the lattice parameters and the unit-cell volume.
Note the changes of slope in the lattice parameters near ~3.4 GPa. The unit-cell volume is fit by using the first order Birch-Murnaghan equation of state over the entire pressure range, which is shown as the solid line in Fig. 3(b) . Note that significant deviation of the points from the line particularly also near P*. This suggests that a single equation of state does not adequately describe the pressure dependence.
By Rietveld refinements of the XRD data, the pressure dependence of the structure was obtained. Figure 4 shows the pressure dependence of the average bond distance of <d Mn-O > (Fig. 4(a) ), the bond angle of < 2 Mn O Mn θ − − > in the b-c plane (Fig. 4(b) ), the MnO 6 octahedral distortion
( Fig. 4(c) ), T MI (Fig. 4(d) ), the charge-carrier bandwidth W (Fig. 4 (e)), and the activation energy E a (taken from fits to the resistivity above T MI ) (Fig. 4(f) ) based on ρ= ρ 0 T exp(E a /kT) [16] .
In the observed pressure range, the average tilt angles of MnO 6 octahedra do not change significantly. However, the average Mn-O bond distance contracts monotonically below the critical pressure P* and maintains a constant value above P*. In the framework of the double-exchange model, the magnetic and transport properties are determined by the charge-carrier bandwidth W, which depends on the Mn-O bond distance and the Mn-O-Mn bond angle through the overlap integral between Mn 3d orbital via O 2p orbital. In our work, we have used an approximate expression,
, based on the radial [17] and the angular dependence (Mn-O-Mn) of the overlap matrix [18, 19] , as shown in Fig. 4(e) . Note that the bandwidth is increasing below P*, however, decreases very slowly above P*. The MnO 6 octahedral distortions were found to be constant at the low-pressure range but suddenly increase at higher pressures (Fig.   4(c) ).
These results show that, below P*, the increase in T MI with pressure is due to the increase in the electron bandwidth, which reaches its maximum at P*. Moreover increases in pressure yield enhance local distortions, which trap the e g conduction electrons and produce an insulating phase.
This can be further seen from the enhancement of the resistivity for pressure above P* in Fig. 1(c) .
In fact, the increase of the resistivity seen at low temperature is reminiscent of percolation, which occurs through the introduction of an insulating phase into a metallic phase [20] . The activation energy E a for hopping (in the high-temperature region) exhibits a minimum at P*, which is consistent with the maximum of the bandwidth.
To explain our data below P*, we consider a typical inter-atomic potential, V(r), between the RE and the oxygen (O) ion in perovskite manganites, for example, a potential energy curve similar to the Lennard-Jones potential with a strong repulsive core and a weakly attractive tail. In We now examine possible explanations for our data at pressures above P*. Once the Mn-O distance is reduced into the region of a hard-core potential, the Mn-O distance is very hard to compress any further by external pressure. We believe that P* marks such critical pressure. Above 
